Introduction 1
Identification of promoters and transcriptional terminators on the bacterial 2 genomes is essential to understand the regulation of gene expression. In bacteria, 3
numerous genes are organized in operons and, therefore, they are transcribed 4 from the same promoter into a single polycistronic mRNA molecule. Moreover, 5 many genes in known operons are transcribed from internal promoters, which are 6 located at intergenic regions or within adjacent genes. Several highly accurate 7 polymerase. An initial denaturation step was performed at 98ºC for 1 min. Then, it 8 was followed by 30 cycles that included the next steps: (i) denaturation at 98ºC for 9 10 s; (ii) annealing at around 55ºC (depending on the primer Tm) for 20 s and (iii) 10 extension at 72ºC for 40 s. A final extension step was performed at 72ºC for 10 11 min. 12
Construction of plasmids pAS and pSA 13
To construct the terminator-probe vector pAS, an 833-bp region of the 14 pGreenTIR plasmid (Miller and Lindow, 1997), which contains the gfp reporter 15 cassette, was amplified by PCR with the F-gfp and R-gfp oligonucleotides ( Table  16 1). Both of them include a HindIII restriction site. Then, the PCR-amplified DNA 17 was purified and digested with HindIII, generating an 802-bp DNA fragment. The 18 QIAquick PCR Purification Kit (QIAGEN) was used to purify DNA from both PCR 19 and restriction endonuclease digestion. The 802-bp HindIII fragment was mixed 20
with HindIII-linearized pLS1 DNA (Lacks et al., 1986). The mixture was treated 21 with T4 DNA ligase (New England Biolabs) and used to transform competent S. 22 pneumoniae 708 cells. Transformants were selected for tetracycline (1 µg/ml) at 23 37ºC. Subsequently, plasmid DNA was isolated and analyzed by restriction 24 mapping. In the recombinant plasmid pAS, the tetL (resistance to tetracycline) and 1 gfp genes are located on the same DNA strand. Plasmid pSA carries the inserted 2 fragment in the opposite orientation. To confirm the constructions, the inserted 3 fragment and the regions of pLS1 that are flanking the insert were sequenced. 4
Dye-terminator sequencing was carried out at Secugen (Centro de Investigaciones 5
Biológicas, Madrid). 6
PCR-amplification of transcriptional terminator regions 7
Primers used for PCR-amplification of terminator regions are listed in Table 1 . primers. Then, the PCR-amplified DNA was digested with SalI, and the 265-bp 23 generated fragment was inserted into the SalI site of the pAS vector. 24
PCR-amplification of promoter regions 1
Primers used for PCR-amplification of promoter regions are listed in Table 1 . 
Western blots 14
Plasmid-carrying pneumococcal cells were grown as indicated to late 15 logarithmic phase (OD 650 = 0.6). Media contained 0.3% sucrose and different 16 concentrations of fucose (0.1% to 1%) as carbon source. To prepare whole-cell 17 extracts, bacteria were concentrated 40-fold in buffer L (50 mM Tris-HCl, pH 7.6, 1 18 mM EDTA, 50 mM NaCl, 0.1% deoxycholate), and incubated at 30ºC for 10 min. 19
Then, a sample (8 µl) of each cell extract was mixed with 2 µl of 5x loading buffer 20 (250 mM Tris-HCl, pH 6.8, 10% SDS, 25% β-mercaptoethanol, 50% glycerol, 0.5% 21 bromophenol blue), and total proteins were separated by SDS-polyacrylamide gel 22 electrophoresis (14% polyacrylamide). Thus, equivalent amounts of the cell 23 extracts (similar number of cells) were loaded onto the gel. Pre-stained proteins 24
Results and Discussion 1

Transcription through the HindIII site in plasmid pLS1 2
The streptococcal plasmid pMV158 (5540 bp), which is the prototype of a family 3 of rolling-circle replicating plasmids, is able to replicate in a broad variety of 4 bacterial hosts (del Solar et al., 1998). Moreover, it confers resistance to 5 tetracycline (tetL gene) in both Gram-positive and Gram-negative bacteria. 6
Sequence analysis of the region located just downstream of the tetL gene 7 revealed the existence of an inverted-repeat (IR in Fig. 1 ) followed by a short 8 stretch of thymine residues (Lacks et al., 1986). This sequence element has the 9 features of a Rho-independent transcriptional terminator and is also present in 10 plasmid pLS1 (Fig.1) , a pMV158-derivative that lacks the 1132-bp EcoRI 11 restriction fragment (Lacks et al., 1986) . To analyze the efficiency of the tetL 12 inverted-repeat as transcriptional terminator, we investigated whether continuation 13 of transcription occurs at the tetL inverted-repeat in S. pneumoniae cells. If this 14 were the case, mRNA molecules containing the sequence termed INT in Fig. 1  15 should be synthesized. Such molecules could form a stem-loop structure followed 16 by a poly(U) region. To this end, the INTc oligonucleotide (Table 1) , whose 17 sequence is complementary to the INT region, was used as primer for extension 18 on total RNA isolated from pLS1-carrying S. pneumoniae cells. As shown in Fig. 1,  19 two cDNA extension products of 106 and 107 nucleotides were detected. These 20 products are likely generated by reverse transcriptase pausing at the base of the 21 potential RNA stem-loop structure rather than by reverse transcriptase running off 22 at 5´ ends of newly initiated transcripts. In fact, promoter sequences just upstream 23 of the poly(T) region are not predicted. Transcription through the INT region was 24 further confirmed by cloning a gfp reporter cassette into the HindIII site of plasmid 25 pLS1 (Fig. 2) . The cassette was inserted in both orientations (plasmids pAS and 1 pSA). In plasmid pAS, the tetL and gfp genes are located on the same DNA 2 strand. The gfp reporter cassette contains a multiple cloning site (MCS) followed 3 by a promoter-less gfp allele, which encodes a green fluorescent protein (GFP) 4 that carries the F64L and S65T mutations (Cormack et al., 1996 ; Heim et al., 5 1995). The F64L mutation increases GFP solubility, while the S65T mutation 6 increases GFP fluorescence and causes a red shift in the excitation spectrum. In 7 addition, the gfp allele carries translation initiation signals (SD in Fig. 2 ) that are 8 optimal for its expression in prokaryotes (Miller and Lindow, 1997). Plasmid pSA 9 carries the gfp reporter cassette in the opposite orientation. First, we analyzed gfp 10 expression in S. pneumoniae 708 cells carrying the pAS or pSA plasmid by 11 measuring the intensity of fluorescence at 515 nm (excitation at 488 nm) (Fig. 2) . these results, we conclude that both the pneumococcal and enterococcal RNA 21 polymerases are able to transcribe through the tetL inverted-repeat of the pLS1 22 plasmid (Fig. 1) and, therefore, to transcribe the gfp reporter cassette inserted into 23
its HindIII site (Fig. 2) . This fact and the presence of a MCS between the HindIII 24 site and the promoter-less gfp gene make plasmid pAS a useful terminator-probe 1 vector (see below). 2
Use of plasmid pAS as a terminator-probe vector in
Specifically, we inserted independently the following DNA sequences (Fig. 3) into 8
the SalI site of the pAS plasmid (see Fig. 2 shown that transcription of the polA gene terminates at the palindrome shown in 17 element (TGTa) (see Fig. 3 ). Thus, activity of this predicted promoter in S. 12 pneumoniae but not in E. faecalis might explain why the terminator activity of the 13
TpolA palindrome was only detected in E. faecalis. In conclusion, these results 14 demonstrate that plasmid pAS can be used to examine whether particular 15
sequences (homologous or heterologous) function as transcriptional terminators in 16
S. pneumoniae and E. faecalis. Moreover, we have shown that the predicted TrsiV 17
terminator of E. faecalis is active in both bacteria. In our system, it is as efficient as 18 the tandem terminators T1 and T2 of E. coli. 19
Use of plasmid pAST as a promoter-probe vector in S. pneumoniae and E. 20 faecalis 21
Promoters recognized by RNAP holoenzymes that carry a σ-factor similar to E. Cloning of the E. coli T1T2rrnB terminator region into the SalI site of the pAS 7 terminator-probe vector generated plasmid pAST (5456 bp; see above). This 8 derivative conserves unique restriction sites (XbaI, BamHI, SmaI, SacI) between 9 the T1T2rrnB region and the promoter-less gfp gene (see Fig. 2 ). To investigate 10 whether plasmid pAST is suitable as a promoter-probe vector, we selected several 11 DNA fragments containing a predicted or experimentally tested promoter from S. 12 pneumoniae or E. faecalis (Fig. 4) . These promoter regions were independently 13 inserted into the BamHI or SacI site of the pAST plasmid (for details see Materials  14 and Methods). The recombinant plasmids were then introduced into S. 15 pneumoniae 708 and E. faecalis JH2-2 cells, and promoter activity was evaluated 16 by monitoring gfp expression (fluorescence assays) ( Table 3) (Fig. 4) . In the case of the ung gene (Méjean et al., 1990), the BPROM prediction 22 program (Softberry, Inc.) revealed a consensus -10 hexamer, which is located 28 23 nucleotides upstream of the translation initiation codon, and a near-consensus -10 24 extension (Fig. 4) . In pneumococcus, and compared to pAST-containing cells 25 (46.08 ± 3.99 units), the intensity of fluorescence increased 10-fold when the Pung 1 promoter region was inserted into pAST (plasmid pAST-Pung) ( Table 3 ). The 2 activity of such a promoter was 1.9-fold higher than that of the PsulA promoter. promoter has near-consensus -10 and -35 hexamers (Fig. 4) . In the case of the 15 EF2962 gene, the BPROM program predicted a -10 hexamer (four consensus 16 bases) located 56 nucleotides upstream of the initiation codon. This promoter has 17 a near-consensus -10 extension and shows a 3/6 match at the -35 element (Fig.  18   4) . As shown in Table 3 , the P2493 promoter was the strongest enterococcal 19 promoter in both S. pneumoniae and E. faecalis. In pneumococcus, the activity of 20 the P2493 promoter was 1.6 and 2.3-fold higher than that of the PuppS and P2962 21 promoters, respectively. In enterococcus, and compared to the P2493 promoter, 22 the activity of the PuppS and P2962 promoters was 5.2 and 3.2-fold lower, 23
respectively. Therefore, plasmid pAST can be used to assess the activity of 24 specific promoter sequences (homologous and heterologous) in S. pneumoniae 25 and E. faecalis. Among the analyzed promoters, we have shown that two 1 predicted promoters, Pung and P2962, are active in both bacteria. Furthermore, 2
we have demonstrated that, under our experimental conditions, the strongest 3 promoters (10-fold increase in fluorescence) are the Pung promoter in 4 pneumococcus and the P2493 promoter in enterococcus. We conclude that 5 plasmid pAST is a useful vector for in vivo studies of promoter sequences. harbouring pAST-oPfcsK were used as control. Since S. pneumoniae is unable to 23 grow in media containing fucose as the sole carbon source (Chan et al., 2003) , 24 bacteria were grown in media containing 0.3% sucrose and different 25 concentrations of fucose to late logarithmic phase (OD 650 = 0.6). The bacterial 1 growth rate was similar under the various conditions assayed (not shown). In a 2 first approach, gfp expression was analyzed by Western blotting using monoclonal 3 GFP antibodies (Fig. 5A) . A protein band was detected in cells carrying pAST-4
PfcsK but not in control cells (plasmid pAST-oPfcsK). Since pre-stained proteins 5
were run in the same gel, exposition of the blot to X-ray films allowed us to 6 determine that such a band had the mobility expected for GFP (∼ 28 kDa) (not 7 shown). The Western blot analysis revealed a basal level of gfp expression in cells 8 grown without fucose, suggesting that a single chromosomal copy of the putative 9 fucose regulator gene fcsR is not sufficient for total repression of the PfcsK 10 promoter placed on a pLS1 derivative (pLS1 has ∼22 copies per genome 11 equivalent, del Solar et al., 1993). However, compared to cells grown without 12 fucose, the intensity of the GFP band was 4.5-fold higher in cells grown with 1% 13 fucose. Hence, the PfcsK promoter cloned into the pAST vector is activated by 14 fucose. These results were further confirmed by fluorescence assays (Fig. 5B) . In was observed when the medium was supplemented with 1% fucose (Fig. 5B) . PfcsK promoter support that the promoter-probe vector pAST can be used to 2 detect growth conditions that favour the expression of a particular regulated 3
promoter. 4
To conclude, the promoter-probe and terminator-probe vectors described in this 5 work are suitable to assess the activity of promoter and terminator signals (both 6 homologous and heterologous) in S. pneumoniae and E. faecalis. These vectors 7 are based on pMV158, which is one of the most promiscuous replicons reported 8 so far. It has been established in nearly 30 different bacterial species (M. E., 9 unpublished observations). Hence, it is very likely that these newly constructed 10 plasmid-based genetic tools can be used in a number of Gram-positive bacteria. 11
Furthermore, employment of some of the promoters tested here could be useful 12 when constructing strains that would express a desired genetic trait. Table 1 ), whose sequence is 7 complementary to the INT region, was used as primer. The asterisks indicate the 8 3´-end of the cDNA products (P) generated by the reverse transcriptase. A, C, G, 9
T sequence ladders were used as DNA size markers. Specifically, dideoxy-10 mediated chain-termination sequencing reactions using DNA from M13mp18 and 
